Objective: Prompt assessment of perioperative complications is critical for the comprehensive care of surgical patients. Acute kidney injury requiring dialysis (AKI-D) is associated with high mortality, yet little is known about how long-term outcomes of patients have evolved. The association of AKI-D with postsurgical outcomes has not been well studied. Methods: We investigated patients from the National Health Insurance Research Database and validated by the multicenter Clinical Trial Consortium for Renal Diseases cohort. All patients with AKI-D 18 years or older undergoing four major surgeries (cardiothoracic, esophagus, intestine, and liver) were retrospectively investigated (N=106,573). Patient demographics, surgery type, comorbidities before admission, and postsurgical outcomes, including the in-hospital, 30-day, and long-term mortality together with dialysis dependence were collected. Results: AKI-D is the top risk factor for 30-day and long-term mortality after major surgery. Of 1,664 individuals with AKI-D and 6,656 matched controls, AKI-D during the hospital stay was associated with in-hospital (adjusted hazard ratio [aHR]=3.04, 95% CI 2.79-3.31), 30-day (aHR=3.65, 95% CI 3.37-3.94), and long-term (aHR=3.22, 95% CI 3.01-3.44) mortality. Patients undergoing cardiothoracic surgery (CTS) showed less in-hospital (aHR=0.85, 95% CI 0.75-0.97), 30-day (aHR=0.79, 95% CI 0.70-0.89), and long-term (aHR=0.80, 95% CI 0.72-0.90) mortality compared with non-CTS patients with AKI-D. CTS patients had a high risk of 30-day dialysis dependence (subhazard ratio [sHR]=1.67, 95% CI 1.18-2.38), but the risk of long-term dialysis dependence was similar (sHR=1.38, 95% CI 0.96-2.00) after AKI-D by taking mortality as a competing risk. Non-CTS patients had more comorbidities of sepsis, azotemia, hypoalbuminemia, and metabolic acidosis compared with CTS patients. Conclusion: AKI exhibits paramount effects on postsurgical outcomes that extend well beyond discharge from the hospital. The goal of the perioperative assessment should include the reassurance of enhancing renal function recovery among different surgeries, and optimized follow-up is warranted in attenuating the complications after postsurgical AKI has occurred.
Introduction
Acute kidney injury (AKI) is a severe perioperative complication. 1, 2 Although the incidence of postsurgical AKI depends immensely on the type of the surgery, up to 40% of hospital-acquired AKI is related to the perioperative setting. 3, 4 It is associated with prolonged hospital stay, increased costs, and both short-and long-term mortality.
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lin et al postsurgical AKI is associated with long-term adverse events including mortality and the development of chronic kidney disease. [12] [13] [14] AKI can be a reflection of the general insult of critical illness while also being an independent contributor to that illness; postsurgical AKI is of particular interest as a significant and measurable event of perioperative harm and a plausible target for intervention. Severe AKI after a major surgery is associated with a high risk of mortality and increased costs of care; this adverse impact might extend beyond the discharge of such surgical patients from the hospital. 15 Recently, the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) 16 was established based on a "surgery-target" approach for improving risk-adjusted surgical outcomes and allowing highly detailed evaluations of performance and zero in on preventable complications. 17, 18 Because a growing movement aims to tie reimbursements to outcomes, the performance related to the influence of postsurgical AKI among different surgeries to in-hospital, 30-day, and long-term mortality as well as dialysis dependence is important for enhancing quality initiatives. To our knowledge, the association between surgical type and 30-day or long-term dialysis dependence together with the clinical significance of AKI episodes with respect to clinically relevant outcomes has not been comprehensively studied in a surgical patient population.
This study aimed to evaluate the influence of AKI-D on postsurgical in-hospital, 30-day, and long-term outcomes, including mortality and dialysis dependence, among patients who were undergoing different major surgeries. We investigated the association between AKI-D and outcomes while adjusting for surgery procedures, patient demographics, and comorbidities, using a large nationwide database and validated by prospectively enrolled nationwide cohort.
Methods
Data source
The National Health Insurance Research Database (NHIRD) of the National Health Insurance (NHI) program is mandatory and universal, offering comprehensive medical care coverage to more than 99% of the country's population of 23 million people. The NHI system contains all original claims data, including demographic information and detailed orders, for all clinic visits and hospitalizations. Disease diagnoses for all individuals are classified according to the ICD, Ninth Revision, Clinical Modification (ICD-9-CM). Taiwan's NHI records are regularly inspected, and physicians who violate the standards of clinical practice are subject to financial penalties. 19 The accuracy of diagnoses registered in the NHIRD has been validated. 20, 21 For this study, patients (aged ≥18 years) who were admitted to the hospital from January 2001 to December 2007 for major surgery and who developed AKI-D during their index admission were identified in the NHI databases. Surgical procedures were considered major if the length of the intensive care unit (ICU) stay for patients in a given diagnosis-related group exceeded 2 days. 22 Major surgery procedures were further classified into cardiothoracic, esophageal, intestinal, and hepatic as the primary diagnosis codes. 4 We further divided all major surgeries into cardiothoracic surgery (CTS) and non-CTS. Because the identification numbers of all individuals in the NHRID were encrypted to protect the privacy of the individuals and informed consent was waived due to the secondary nature of the patient data, this study underwent limited ethical review by the Institutional Review Board of National Taiwan University Hospital (approval reference no. 201212021RINC).
Validation cohort
The Taiwan Consortium for Acute Kidney Injury and Renal Diseases (CAKS) from the National Research Program for Biopharmaceuticals has launched a nationwide epidemiology and prognostic program for tracking AKI-D, which prospectively enrolls critically ill patients with AKI-D in ICUs. CAKS includes 30-member hospitals that are widely distributed throughout the four geographical regions (north, middle, south, and east) of Taiwan. The CAKS member hospitals have a 1:1 ratio of medical centers to regional hospitals in each region and in the four seasonally sampled months (October 2014 and January, April, and July 2015). 23 Patients undergoing dialysis after major surgery were selected to be in the validation cohort. This cohort included 79 CTS patients and 154 non-CTS patients. We used this cohort to validate different clinical manifestations and laboratory data between CTS patients and non-CTS patients during AKI-D. Detailed laboratory data and scoring systems were compared in each group of patients at ICU admission and the initiation of renal replacement therapy (RRT).
Data collection and outcome measures
Patient demographics, surgery type, Charlson comorbidity index, comorbidities before admission, and postsurgical outcomes including the in-hospital, 30-day, and long-term mortality together with dialysis dependence were reviewed from the database. The primary outcomes were in-hospital, Clinical Epidemiology 2018:10 submit your manuscript | www.dovepress.com
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Postsurgical aKi mortality and dialysis dependence 30-day, and long-term mortality after hospital discharge. The secondary outcomes were 30-day and long-term dialysis dependence defined as the requirement for dialysis for at least 3 months after hospital discharge, with mortality treated as a competing risk. Composite outcomes combined the outcomes of mortality and dialysis dependence. Each patient was monitored from the date of discharge to 30 days after discharge for 30-day mortality and was censored at either death or the end of the study (December 31, 2010) for long-term outcome, whichever occurred first.
statistical analyses
We followed the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) recommendations for this study. After discharge, the status of dialysis dependence was integrated as a time-varying risk.
We performed a propensity score matching (PSM) to reduce the selection bias due to the baseline differences between the patients of AKI with dialysis and those of AKI without dialysis. First, we conducted multivariate logistic regression analysis to identify the predictors for the prescription of dialysis. Using logistic regression model, factors during the index hospitalization as predictors of AKI-D including age, sex, surgical type, hospital stay length, Charlson comorbidity index score, comorbidities, and postsurgical complications were identified as parameters for further PSM (Table S1 and Figures S2) . Then, we used the "Match()" function in the "Matching" library of the R statistical software to do PSM based on the default value of "caliper" (ie, caliper = 0.25) and the Mahalanobis distance without replacement. After the matching, the standardized mean difference of all variables was <0.1 ( Figure S2 ).
Patients who did not undergo acute dialysis during their index hospitalization but had a major surgery were matched to the study group at a 1:4 ratio after matching for age, sex, Charlson comorbidity index, and propensity score. We first modeled 30-day and long-term mortality using the occurrence of AKI-D after the surgery as the primary covariate of interest and adjusted for surgery type and preoperative covariates, including age, sex, Charlson comorbidity index, and individual comorbidities. However, cardiac surgery had the highest postoperative AKI risk. 24 In addition, acute renal failure after cardiac surgery is known to be associated with significant short-term morbidity and mortality. 25 In light of this, we constructed a second model stratifying AKI-D patients into CTS and non-CTS while adjusting the same preoperative covariates as the first model. In further parametric modeling with regard to factors associated with outcome, we adopted three modeling methods: simple Cox regression, multivariable Cox regression, and the competing risk regression. A Cox proportional regression model was used to calculate the adjusted hazard ratios (aHRs) and 95% CIs for the outcomes including in-hospital, 30-day, and long-term mortality and dialysis dependence. Because of high mortality and dialysis dependence rates in surgical patients with AKI-D, competing risk regression applying Fine and Gray modeling for consideration of the subdistribution hazard was performed to model dialysis dependence while treating mortality as a competing risk. 26 Furthermore, the validation cohort was analyzed by PSM at a 1:1 ratio after matching for comorbidities and baseline demographics including age, sex, and severity scores. A bivariate analysis was performed using the t-test for normally distributed continuous variables and Wilcoxon rank-sum test for nonnormally distributed continuous variables, and a chi-squared analysis was used for categorical variable comparisons and outcome events. Missing or invalid data on age, sex, and related variables were noted in 1.2% of the patients, and these patients were excluded from the analyses. We used R software, version 2.8.1 (Free Software Foundation, Inc., Boston, MA, USA); competing risk analysis was performed with Stata MP, version 12 (StataCorp, College Station, TX, USA). A two-sided P-value <0.05 was considered statistically significant.
Results
Data source and participants
From 2001 to 2007, 112,745 patients underwent major surgeries and 1,861 surgical patients with AKI-D during their index hospitalization were enrolled in the study (Figure 1 ). The incidence of AKI-D after major surgeries increased during this period, and the aHR of 30-day and long-term mortality also increased simultaneously (Figure S1 and Table S2 ). Compared with all the risk factors, AKI-D was the top risk factor for 30-day and long-term mortality (Table S3) . With PSM at a 1:4 ratio, 8,320 surgical patients, 1,664 with AKI-D and 6,656 without dialysis were further analyzed.
Demographic characteristics, comorbidities, postsurgical complications, and outcomes
Baseline characteristics stratified by the AKI-D, surgery type, and comorbidities before and after the PSM are presented in Table 1 . Of all patients undergoing major surgeries, the AKI-D group had the most underlying diseases and (Table 1) . Besides, the surgical patients with AKI-D had higher in-hospital mortality compared with the non-AKI-D surgical patients (66.95% vs 5.37%). After the PSM (Table S1 and Figures S2), the surgical patients with AKI-D still had higher in-hospital mortality compared with the non-AKI-D surgical patients (68·87% vs 22·64%). 
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Postsurgical aKi mortality and dialysis dependence Figure 2 ). Furthermore, CTS patients had better 30-day (aHR: 0.85, 95% CI 0.76-0.96) and long-term (aHR: 0.81, 95% CI 0.73-0.91) composite outcome than non-CTS patients (Table 3) .
Clinical manifestations of postsurgical aKi
More detailed laboratory data of CTS and non-CTS patients were compared across all hospitals in the CAKS cohort 23 for the validation of different clinical manifestations at postsurgical AKI during hospitalization. After PSM at a 1:1 ratio (Table S4) , 144 patients (72 CTS patients, 72 non-CTS patients) were further analyzed. Non-CTS patients had more comorbidities of sepsis and azotemia during index hospitalization, together with more hypoalbuminemia and more metabolic acidosis compared with CTS patients (Table 4) . Furthermore, non-CTS patients tend to receive intermittent hemodialysis, while CTS patients tend to receive continuous venovenous hemofiltration during acute kidney injury requiring dialysis (Table 4) . 
Discussion
Postsurgical AKI-D was associated with in-hospital, 30-day, and long-term mortality in patients undergoing major surgeries. In the analysis of surgery type, AKI-D patients who underwent CTS had lower in-hospital, 30-day, and long-term mortality compared with patients who had other types of surgeries. However, CTS patients with AKI-D had a higher risk of 30-day dialysis dependence but a similar risk of longterm dialysis dependence compared with non-CTS patients. This study showed that AKI-D in CTS and non-CTS patients had different clinical manifestation, mortality, and dialysis dependence patterns during hospitalization and even after hospital discharge, and thus should have different multidisciplinary teams to facilitate the implementation of enhanced recovery pathways. 27 Because the incidence of AKI-D after major surgeries has increased in recent years, 28 these findings provide a future direction of study for solving the unmet need of improving the mortality and outcomes in patients undergoing major surgeries with AKI-D. Furthermore, these results have significant implications for considering prevention strategies regarding different pathophysiology in the perioperative care of the patient undergoing major surgeries who has AKI-D.
In a study using data from the Ontario, Canada, universal health care databases to examine consecutive patients who had major elective surgery between 1995 and 2009, the incidence of AKI-D increased from 0.2% in 1995 to 0.6% in 2009 while 42% died within 90 days of surgery with no change in 90-day survival overtime and no change in chronic dialysis overtime among the patients surviving beyond 90 days. 29 
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Postsurgical aKi mortality and dialysis dependence Table 3 Comparison of the in-hospital, 30-day, and long-term mortality and dialysis dependence in aKi-D patients undergoing CTs vs non-CTs before and after propensity score matching 30 Compared with these studies, we studied longer-term outcomes than in-hospital or 90-day mortality and found an increased chance of postsurgical AKI-D together with increased long-term mortality overtime. 29, 30 The growing incidence of AKI-D may be due to a heightened awareness and better detection of AKI with the introduction of the RIFLE (risk, injury, failure, loss, endstage renal disease) criteria in 2003 31 and the AKIN (acute kidney injury network) criteria 32 for AKI or the postsurgical cooperation of new RRT technology such as continuous RRT. However, even with adjustment for the higher burden of comorbid conditions and complications, the hazard ratio for mortality increased over the years, and this may be due to the shift toward more complex and higher risk procedures on sicker patients. The novel finding of our study is that post-CTS patients with AKI-D have lower in-hospital, 30-day, and long-term mortality than non-CTS patients. This finding fills important gaps in previous research. Because AKI-D is a perilous postsurgical complication associated with increased risk of mortality, dialysis dependence, resource utilization, and cost, 8, 34 action is urgently required to increase awareness of and to prevent AKI in patients undergoing different major surgeries and to facilitate renal recovery as early as possible to decrease mortality. Our study extends this finding by providing an overview of all surgical patients including CTS and non-CTS patients with the most severe form of AKI, AKI-D. CTS increases the likelihood of ischemia-reperfusion injury that temporarily compromises renal perfusion and causes renal dysfunction, 35 the so-called cardiorenal syndrome type 1 in which patients are more likely to be weaned from dialysis. 36 Additionally, our study confirms recent findings that a substantial percentage of AKI-D survivors stay dialysis-dependent after the acute phase of their 
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Postsurgical aKi mortality and dialysis dependence illness has resolved. 37, 38 Even with lower mortality in CTS patients, this finding serves as an impetus to develop greatly needed measures that protect and restore kidney function as soon as possible after AKI-D.
This study provides updated evidence of the epidemiology of AKI in surgical patients together with mortality and dialysis dependence data, which is the missing puzzle piece for the quality control of surgical efficacy and performance in public health. Moreover, the results support the renal angina concept that AKI can be stratified into different surgery type categories. 39, 40 Efforts of hemodynamic manipulations and close attention to intravenous resuscitation strategies including goal-directed therapy cannot be neglected to reduce AKI following major surgeries and its influence on postsurgical complications. 41 These results provide direction for more personalized evaluation and optimized follow-up, taking into account surgery-specific characteristics. These findings also reinforce the importance of perioperative risk stratification for kidney injury and the implementation of strategies available to help Table 4 The comparison between CTs and non-CTs patients after propensity score matching in nEP-aKi-D study 23 Note: Data presented as n (%) or mean ± sD. Abbreviations: CTS, cardiothoracic surgery; CVVH, continuous venovenous hemofiltration; IHD, intermittent hemodialysis; NEP-AKI-D, nationwide epidemiology and prognosis of dialysis-requiring acute kidney injury; non-CTS, noncardiothoracic surgery; RRT, renal replacement therapy; SLEDD, sustained low-efficiency daily dialysis; SLEDD-f, sustained low-efficiency daily diafiltration; SMD, standardized mean difference.
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lin et al prevent postsurgical AKI and long-term dialysis dependence. Furthermore, the findings indicate the potential for therapeutic interventions to attenuate the high burden of death and dialysis dependence after postsurgical AKI has occurred.
strengths and limitations
A major strength of this study is the use of a large nationally representative database with exceptionally long renal followup; this gives us the ability to generalize and extrapolate the data with greater confidence. The NHIRD data are trustworthy because the database undergoes periodic detailed medical chart reviews and medical charge audits by professionals. 42 The main limitation of our study is the lack of laboratory results for the national administrative dataset, leading to the possibility of residual confounding. Stricter control for estimated glomerular filtration rate or chronic kidney disease stage is crucial to derive more meaningful information. Besides, the CAKS database only included patients from ICU and that might bias our finding. Nevertheless, we validated the results in a different database with detailed laboratory data, and the results were similar in proving different manifestations in CTS and non-CTS patients in AKI. Furthermore, because this study was a retrospective observational analysis, a causal inference could not be derived. We did not assess the effect of the hospital-and surgeon-related factors such as hospital volume, location, emergent or elective surgery, prescribing physician, and level of experience. For the avoidance of the clustering effect, we used PSM together with multivariate adjustments and evaluated the model discrimination; we also attempted to increase the internal validity by using competing risk models. 43, 44 Because a high percentage of patients die after surgical AKI, we used competing risk analysis to examine the potential long-term dialysis dependence that would avoid confounding due to the "Will Rogers effect" of stage migration. 45 Ours is also the first study to provide valuable long-term information related to kidney recovery following postsurgical AKI, given that follow-up for renal function recovery is almost nonexistent in recent clinical practice. Finally, while other investigators focused on the mortality issues in the specified surgical field having AKI, our results may provide data useful for generalized policy and practice frameworks for the proper perioperative care and future medical resource allocation.
46
Conclusions
As the public health and economic burdens of surgery-related complications continue to grow, recognizing the entity of outpatient target-organ dysfunction is critical. Outpatient dialysis dependency is a pivotal clinical entity of postsurgical complications. In this nationwide population cohort of 106,573 surgical patients with AKI-D, we demonstrated an independent association between AKI-D and in-hospital, 30-day, and long-term mortality risk. Furthermore, CTS patients who have a high incidence of AKI-D have a lower risk of in-hospital, 30-day, and long-term mortality. Nonetheless, patients with CTS-related AKI-D had a higher risk of 30-day dialysis dependency, although their potential for long-term dialysis dependence was similar to that of patients with non-CTS AKI-D. In an era of increasing focus on patient-centered care, as well as continued reimbursement and quality improvement pressure, increased consideration for the management of renal function recovery toward an optimal team-based coordinated care after postsurgical AKI as an outpatient is warranted. The appropriate transition of patients undergoing surgery to follow-up in the outpatient setting with an emphasis on the renal function recovery and mitigation of mortality risk is justifiable in enhancing the care of the high-risk patients undergoing major surgeries. Physicians and policymakers should be aware of these results to access possible benefits of earlier initiation of recovery pathways and identify how to effectively reduce mortality and dialysis dependence for better perioperative management and thereby improve quality and reduce costs. 
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Postsurgical aKi mortality and dialysis dependence Figure s1E ). Post-CTs patients had a higher incidence of aKi-D compared with non-CTs patients ( Figure  s1B) . however, the 30-day and long-term mortality were higher in non-CTs patients (Figure s1D and F). **P<0·001. Abbreviations: aKi-D, acute kidney injury requiring dialysis; CTs, cardiothoracic surgery.
